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Abstract of JP2002223042 
PROBLEM TO BE SOLVED: To solve the 
problem that, when an n-type nitride 
semiconductor, a nitride semiconductor 
containing n-type impurities or the Wke is used 
as the active layer of a quantum well structure 
in a nitride semiconductor element in 
conventional cases, it is required to enhance 
the characteristic of the active layer, and that it 
is required to enhance the life of the nitride 
semiconductor element and the characteristic 
of its electrostatic breakdown strength. 
SOLUTION: In the nitride semiconductor 
element, at least a barrier layer 2a comprising 
the n-type impurities, a well layer 1a 
composed of the nitride semiconductor 
containing In. and a barrier layer 2c which 
comprises p-type impurities or which is grown 
in an undoped manner are provided as the 
active layer 12 sandwiched between a p-type 
nitride semiconductor layer 1 1 and an n-type 
nitride semiconductor layer 13. the barrier 
layers 2a, 2c are arranged as barrier layers 
closest to the side of the p-type layer, and 
carriers can be injected suitably into the active 
layer 12. 
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izwi^tifcmmm^i. mzimxhtzLt (#Fii/P* 
mmx^wm) (fzmhhcoxi±^<. 2m^L<i,±^tL 

/' • -/WFSj cta^c. 

M^^PiSiiSr^S^ftTt^V^. mUt^ 01 Ot::^ 
-r J: -3 (c. «4}^Fii4 0 1 am\iz^ A 1 ^r^t^M-ft^^^^ 

"/r^7)4^^^TgPK£M®4 0 2 SriStt 
-^liiiT'$)oT*>^V^. 

[0037] (#F®) *%HBtc:*5*t^#F«^LT 
<. C:m:B:«s:ft^^rffl«h LTti. I n« Ga^ _ , N 
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^J;c«f I nA 1 GaN. I n N^Sr^'Sr^V^^Cl 
A 1 GaN. GaN^tCit>2(s:^Hgii^-C#^;&^ In 

[ 0 0 3 8 ] ^fvT. #^m<^mmRx/^^mco^t lx 

RX/^Wmc^i ffiStc:;^ -6 C i: A^fgT'fc • ^grfr 
W=5r^ilfc LT(i. 1 0 Am_h3 0 0 AOTc7)SH. *f 
^ L < 2 0 AtJl± 2 0 0 A tlTOKHii-ri) i: T\ 

vf . L^\mm^mmi:&m^^i>zti)n^^h. * 

0 0 AKXrt^h Z t Ti^&Xm<7)m^i:{&<99x.XlS 

^^h. v£tta^#:<^^*W<^r-:>T. Vf co±#^ 
S< ^ ^ ^wmcommi: 1 0 0 AtlT^Olg 

[00 39] 2f5%H3(7)#FiitCii. nM^^?^;{?<H-r 
^iiTV^Tt). V^^<'C^^V\ L'/)^L^i)^^. #F« 

C:c0^nM^*$WUK(i5x 1 01 6/cm3tJl 

Tf:^««(CnM^*EJl?9S:*^^:l^#Fiii:'r&^: fc-C 
*>^o ^/t:. #F®tcnM^*$?l!jS:K-r^^^tc 
(i:. nM^MftSlJ^?&n x l Oi^OTS x 1 O^^a±co 

ma^S. Vf ^rffiT^-tir^^I^T^^-'T-g:-!). ClcT)^. # 
FS(7)nS:f^««i|%l»Ki:LT«. KfiScOnM^seit&iS 

Sh«m'i5it;0\ ^L<ii/h$<'r^^^T\ #rmx 
mtimm\:^mL<ii^tix^&<-r^(fZi^. #Fm 

-g>3&\ P*SiitcH-:rLT#Fii«rr>'H-:r'C«:g§ 
■*^^PK-rt LTtm^o Cco^. #Fii. KMM 



[0040] mz. ^mmrm^Fi^^itfc^ cm 
vH-rT. mMmiznmT-m^^i^^L^j:\^citx\ 
mmm^tfi^^ti. m(rznmpp^miifi)^wm(,z}i- 

CJOLD. >'N>f^\''7— LED) Tii. #FS^OnM^*Efe 

m^^. 'j^-^<thi X 1 0^ 8 /cm3 lartc-r-i):: 
tx'ho. iti'tL<i:^Ty}^-y'^L<imnmznm 
^nmt:i^^L^\^mmt't^^itx\ miti:hX'^mL 

wmiiZnm^mm^:}^-TLfzu-^m'¥-xii. u-^ 

ntL<^< 1 X 1 01 8 /cm3 , iP^L<{i:l 
XI 01 y^cm^ VXTt^^^itXibi^. 

[004 1] immm) ^^mi^zt^^^^x . mmmcomfSi 

m^tLXi^. I Gai _ ^ N (0^/3<l . a> 
0) . GaN. Al^ Gai (0<r^l)^t' 

i:m^^&ztf)^x^i>. zzix\ WFmitzmtxTmm 

t^j:hmmm (T^mmm) com^i^zi,^. a i ^^t^ 

1 OlfZ^rrtXotfZ^ In^Gai_^N(0^/5<l. 
a>y3) . GaNSrffll^^^hj&^'iF^Lv^, ^ixii:. I 

ni-^t^mitwmm^^^^^pmiA i GaN^r^r 
<^A 1 i:^timim^mf^co±(izmm&^^'^ht. m 

^mmr~t^mmzhK> . #^mcomwpmtt^m 

:tvU^-$-#FB J: 0 <^i>Xo tz^h h<OXt> 
0. #FSc7)^^Htt^m^T«fiB^LTt«tg-r^<r 

[0042] tfz. ik^hMh pmmmcommm^m 

V^T. KMSii. nm^um<v-y^tix\i'^xh^ J 

tmm^h \^x\t. ^^^<i:i>5xioi ^ /<im^^x 

iLY-y^ixXyi^hZtX. ±ISi:LT«il XI 02 o 

(Cti:. 5X101 6 /cm3 tUi2x 1 01 8/cm3 

0^^ai^J^OLEDat/^tB:'7<:OLDTii. 5X1 Qi ^ 
/cm3tiULlxi02 o/cm3jaT^ffiH, ^ L 
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<iil X 1 Qi 8 /cm3 a±5x 1 0 1 9 Xcm^a 

^>'N'y-LED) fcisai::^OLD ( 5—1 oomwas^i 

[0043] mmmc^mmt tTii. ?f tcRs^^ii-r 5 

0 0 AJ^T. i 0^*Wtc(i#Fili:l«l«tci 0 Al^iLh 
3 0 0 AUlTi?DKH;&«JSfl3T'# h • 
[0 0 44] ^T^c. f*^>g)#SIM?gStC{i:. pM^S 

MftahLTii. 5X101 6/cm3 JjJLblxi 0 
2 o/cm3 i^JlTOlEH. if^L<(i. 5X101 6/ 
cm3 tLblxi 01 8/cm3OT<^|gHrj>^, - 

tl\t. 1X102 o/cm3tJLhhpS^tt!B5^^<L 

^3^*S:i£T$ii:-S). Mtc. 1 x i o i Q /c m3 tJl 
fi<«ii.. 5:iD**ovg4tSrt'^^OpMii3&*^?><50^-vi;T 
S^M?^<:o-FI?B^ LTii. il:^^^;(?^%-Ct>pS^I$??3^ 

^(iJi. i^^lU^T'^)l>^'^^^it«ftT^§v^^i^T^ pM 
xm^L. ^ixhzMtxpm^m^^^^hzhx's.^z 

. i P fiUcO^Miico n S^Mft* ^ m^m^^ L < 



[0045] (nM^«!aH-r) 2[s:5|HJ(3*5V^T. a 

^^^< ^ i> 5 x i O^^OJinm^imi^'^^ 
^hWFM. KM®«:^rL. »^L<ti. ^^^^^(^Jf^ 

-rm L < i^^mmmi^z n mppw^ i:^t^\^^ztxh 

[0046] immz^wx . ryv^-y^t itmmmz 
»ico^. yFummm.i:ii. 5x101 ^ /cms* 

pM:i^^iB!lS:ll«WtC'^S^:V^^:ii:. 5xioi e/c 
m3*g|^0iiJK^JS-Cfc^, 

[0047] J.Xb{i. TietCiS0Bt-'S>#IISS?g.®tI*3V^ 

[ 0 0 4 8 ] <is 1 commmm>:^^m<^mim^ti^ 

S-^tciJV^T. micO^SBKffihLTii. 132. 3tC7K 

-r J: "5 td. pMM^t:?^^f*:« 1 3 n^^b^^^i*: 

ill 1 tx^ttifziiiimi2i^{,z^ pmsitm^t^ 

iznm^mv^^-^t^^^citxhh. zcT^m. mi(^m 
mmi,^. 'is^\H<omxmhpmmitwmi^m(fZySi\.^ 

^^mihxh^m^t. msifZ^^xoiz^cDm^m 

x^&hpmcomti\ micoHMmt^hdtx. psm 
-im^^i^mi^zmLxmicommmiriSitmmzmir^ 
cit*^x^.m3(,z7f:^xdi,z. pmmitm^^mi 

0. pmmib^^^i^Em^(^^^'jT(r>}SoXi:^m&^^iy 
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m<m^iiim i 3 1 m i (r)mmm 2c t costc#Fa 

tcr >- F-rT-$> ^ i i: i)mt L < . n MT*6ft 
«>%&t^{4, REM® i 0 tig»K-C*S C: L 

100 491 zittim^o. pm^^^^-t&nm 
m iiiiT. pmmmmt\,^o ) jsttsp^r. gtp 
miz&m.L^\>mmmT$)^^it. mtim3izt5\^ 

dfct^irs. mi>pm^mmmtfipm^m.mi: 
[ 0 0 5 0 ] i-t . m20Mmmi±. 1 coHtsjitcp 

MiiPmizmf^ti. pmyfmiii^-t&micomMm 
t. nmi,zmf(^ti. nm^mmi:^^m2(^Hmm 

^-rmmLxwrn^tuim^iz^^x . zcomttitzi 

2. 3 TWKtMJi 2 a . i!'-^< t tll2<?DKSiir 

nm(omi>*>mcr>mMmx\ ^ti-^ftipm. najt^iea 
^tix\.^^zti)^ts-ti-\>\ wiz, m2cr)mmmii, 1 
«jt'tfr'&r>Tt>fi<, mi.<mmmim<-^x<r>mm 

<OPSESJi**ai 2 coRtMWT* S C: i: . WiZl^t L < 

JiLhcom(cjD;tT, St>plSlco^Sa^K;<^T<7)K 
M®*^lg20^aST'J).SC:i:-C3i).|.. ZtilzX'^. m 

tii:fjTX'comfmmi,zi3 v -^t . ^&co^ -v u r 

^»MS. nm<7>mmmiim2(ommmx't>&z t 

izMtx. 2^^^L<\i2mmmf^tixm^zpmi,z 



36*. 0lJ;t{^ll3^^^>V^TIIl<7)KM«2d. pMKfi« 

2 c , w.2<m-mm2 At-thm^. z(r)mm:\±±M 

[0051] 1 <nmmmzii\,^x , m 1 <o 

<ri:i3i«ic. ^i<r>m.m§ifimm.mznm.^imii'^^ 

zix^i. nmpmm^^^Ltc^^ztx'^ amc^p 
mpmmi^-t^^tmkmim^wmx'^h. zix 

ft S P L < {4|g 1 

ar. pM«*»<i.vSttJl^. ^L<««t,pfflS<7)#F« 

Sgt^SrO. JJ*i:|il«CC^^-#tt*<|6l±-ri>, mz^ m 

t L < {± n M^MaS:SISWt=-^ t-T-aop M^*ie^?!)Sr 
■^tiJLdl.z-ri>ZtX\ ±MLfz^mi}^^^hcot^ 

iJt, m2«oKESS(c(4, pwmmt:Tyv-'r 

x'mM:$-^hzt. mL<i,tpmTM^^mMmz-^i 

^\.^Xol,Z-t^Zti)m^L\>\ 
[0052] *I6BHC0SS 1 cOSIlMJgSfcrfeV^T, H 1 
KMiicO)m2rm2cr)KSilOMJl± 0 < -f-i..!: 

lli<opMM-ft;?«!Mfii!t*^at<^W«t3Jnir. 

wigi!;t;i3(r'>T, pmco^^'Vrt^§'<^^-ti>mico 
mmmtLxiK\<'^?imti^mi-i^ti&zbx\ «aiSjT't> 

m2cr)mmmtmi<7immmx o i>MJ?:*M^$v^^ t 

X\ n^i!|*>/i>iSttSrtco##F«*T«OEStS:«« 

1 JiuLh. # ^ L < {±is 1 coHmmi:fii< ^x<7)mmm 

i:m2(OmmMk'ri>ZtT, nM«*»^>^-C<?5#F« 

[0053] <m2<rtmmm>^^^wr>m2<r)mm 

mh LTJi, iuis?stts*^'Lffl ( La2 ) <r)mmmm 

mm^^mi,z)^i}^'>xwt.z.x i #a ( i = i . 2 , 

3. • • • L) coKMJlSrKEfiJlBi , i 
= l*»^i = n ( l<n<L) t.'CnmmMB ^ *«nM 

^^ftS-^L. i =L<:OPSMJiB i 3!)«pMT^?^!l5:^rr 

tzk^i^mh^h. zzx\ mmmBj^ii<mi(oms& 
mmiizts (t & IPS 1 (^mmmiz d . s p iaie^[$Ms 

tmmx'$,h, m-iX. m2<^mmmizin-r&mmm 
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tc. ±maT*^ (]Saj:^OLD. LED5:if) SrlBift 

^-frj^c^Tli. ±MLfzXdl^z^^m^^Ty}^-T 

x\ mMm(fZnm^mmi-^^L^j:\*^ztx\ ^wmx- 
[0 0 54] zz:x\ m2(ommmi>ziskf^n{^^ 

if^L<{in^<n<L. n^ = L/2 (flL. n^{i/jN 

ztnt. m^\^<^^mm(omm<^im^]^jdi{z 

nm^im}f)^i^^^ti^ztx\ nmm^^hc^^^vT 

t^^i)^^TtyO. mzmiim^<^#i^m<^ip3a 

2d (113) ^mmMBi^ t LTpM^*$ft$:H-r 

KfiBBi tB^(,zmitLi>mco»mmi:Ty\^- 
[0 0 5 5] tfz. m2comtmmitz:h\i^x ^ mmmB 

tX\ l^LfzXol^z. ^Ac0^^rVr^^^LX#^ 

m(^zi±xt^ii^i)^$>^mitiJi<Dm'f(,zis\i^x. pMm 

[0056] <m3<7^m:tmm>^wn(r>m3<rmsm 

sh. minmmim^wm^zi&,\^im,\,zmm^ixfz 
m2(Dnmm.mmh. ^^^htmz^ ^lopfflOKM 
ST^-'p^^Mi^^r^-L. m2(7ynmm^mt/^nm^nm 

m3\,z^^x 0 ^z^ vsffii3&^'gt> ^nsi<5om K^pmnm 
®2a. m2<r>nmmmm2d{z^t,ixx. #Fiii. 



tx\ iMLfcXoiz^ pmmt^iy<z)^mm^^-cOT 

X. m2(^nmmMm'^^m'r^ti^ztx\ nmmt^^ 

MtLKit. m3{z^^idi,z. micopmmmM2 
m2(^nmmmm2a.izmLx. pmm. nmmf?^ 

mmmifzm^tirzmmm. mz.i£m3ffZ^m>mmm2 

b. 2c. tLXii. mzm&^tli>i>cOX'it^j:\^^:^K 

[0057] ±fz. tuiEm i<^pmmmm<^mmi:^mi 
m 2 CO n mmmm<n^m t mm t t'S> & t j: o . 
125. i\,z9^'txoi,z^'^^(nmi:>9vm(^mm%mi 

h^K^pmwmm. ^2(7^nmwmmt^i^^sb^j:hz 
tx\ '<&^m<7>mmmzi6\^xnw&Li)mi.. zcnzt 

[0058] Htc. m3<Dmmm^zmyx . '^^i^ 
(T^nmm^^^ht^iiZ. m^3(7:>mmM<^mmtK 

BUieU 1 CO p fflSKM«&{/HUlBm 2 CO nffllRtMScOj^ 

'S>o vS14iii7)^i5^h{B!l(ClE$flfcm2<7)nffl!lR[ 
MS. §SlcOpffl!l»MSti. ^iimnMJi. pMS*^ 
^co^-^^UrcoaAPt^a-O. fl!!coKMBJ;0t>::^#=5: 

^'cm^T'ts^Lj^cs-^coigiftSrarfg 

t-rSo -^r. m3c0KS«ti:. #Fiit3fi«E*nTl^-S> 

. ^ A- U r ?^?^##FHtc?iA ^ ^ J: 3 (ci^ft 
ix. #FacoH2:ai*&T'g^ixtfi£0^3^ci6. 3^MB!lcOKM 
iicOcJ:atcS:ffiTiftJt'g>ie^S>&^5rv^ MsLX. vSttSrt 

t^^om^ttc^. ^m<mmmxh->xpmm. nm 

SA^^co^r-vUrcoaAL. nMS. pMii*^^>;^TR 

nmiiZim^L. ll3coKMSJ:0i>i?^coSllcopffi!lPS 
MS. ^2cOnffl!lKMaT-toT3SlI^KEMi:UTfi8lg 
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[0 0 5 9] tLb. ^HBLTt^^iotC. mi-30ll 
[00 60] mi'-3tO||iffi?g®(Ci5V^T. SffiSrtSS 

-yx^^ § ^x mmm kz n m^w^ & ^ ^ v ^^^.^ t 

pM^*fift?:^rUTV^-S«^tC. nM^M^SSr^r-r^ 

pmMt^^<r>^^'')r<7^^s^-^mm^fihm^{zh 
t^hxhh. 

-txot^z. 9y>yYmb'<s'&mt<om^z^^i&^^ms 

[0 0 6 2] ClCir. nMi7^*/HS. pM^^^yH® 
h\^X\t. A 1 ^r-^OS-ftl^^^^J^-'fflV^/^n. ftf*:W 
\,Z\tK 1 b Gai _ b N (0<b<l ) t'^^liZWi^^h 

[0063] i^mm-i^^'^X . LT 

^;S3 7 0--4 7 OnrnT-iiGaN^flSW -^ix 
i 9 it>«jS«Tii I n G a N/G a N(?D^jlJS«itS:fli 

\^h:i}iXW(m<^WS\W^'ki^%<x% . .rcJOidt^Ji 

^t/::«^^§^l:^*^##:. InGaN. GaN. Al 

GaN^r^-Sr^v^-SClt^-'T'^^. ^J^c. 

[0 0 64] : ^icopMS^L*^^^* 

a) *%BBtci3v^T. v^^\m^wm>i\^x . m\iz 
v-^m^\izi^\^x . siopMM>ftft^*ss:mtt 

^rh;5;W^LV^. colli CO p^^k?^^#:®i:L 
frWtCJiAl , Ga^ _ , N (0<a<l) SrfflV^^, 



^WiS^ffla^Bh LTStg^^ J: dec. attSJ: 0 
+i^tc:;^#^:^N>H^-r*yrx;ts;^^-S::fr-r-g> (:t:7 
■fe-y hS-fc^,) iP^5:<i:tO. l^r<l 

cOliHh'r-l.::^TS>0. »^L<«i:0. 2^a<0. 

T^tgi^r-r. 0. 2m±-e^>g>i:+*(cm^W2^ 
^UrcoPBS^) ;&«5r§ii. Ur<50>i--y^-:7o- 
S:«I;tT. jD;tT0. 5mTT'fcSt:i!'^^y:^cO^* 
ffi<ft3;cT«ft$ii:^C:h*>'T#. Wiz^t.\^<\tr^ 
0. 3 5JaTh-r^C:tT^if^:jgaifC-««'C§=-i»» 
c:<:0^. Al?iajt«i:. pS^^-/HSJ;Ot>:fe#<-r 

^^-s»7&^^T'ft^o ::comi<opMM>ft;%^*#:ji(i. 

CO L E D t ffl V ^ i: . 
[0065] *^H^com 1 CO P MM^t1*J^*ilcOJKl? 
h LT«i. t*^^:< h 1 1 0 0 0 AtlTii-r-SiClisTS) 
0. »*L<ii400AiaTi:i-^C:fcr*^o Cl^i 

A 1 ^ist^mm^mt. fnico^^b*^^* (a 

OOOAS-j@iT*^rtCc:iS^ti.fc. «ii6TSStn:=3:ii 
i: =^ 0 . Jl:6'r^mJEV f 0:^i{i^iMJD^S< c: ^ 
fz^Xh 0 . 4 0 0 K\^XfXhh i: V f co±#S:ffi< ffp 
7Lh:zhimmn\ 5gtC»*L<(i2 0 0A13lTi:'r-S> 
.Iht:-StCffi<?P;t.^C:h:»!?>^tgh^^. ^1 
cOpM^^bife^WicoMiScomi: LT«i. ::i'^^< ^ 
t>10AJa±. »*L<(i5 0AtUii:^SC:fcT\ ^ 

[0066] c:oSll<^p 

vSttiih:^^vKa^cO^(C^(t^tcOT'fcO. M 

(cigtt-l»^:tT'*-So ^o^, JSttHtHicopSS^t: 

^^^}i<mmt. 'y^j:< t i> i o o o AOT^^-g> 

-r^i^^. micopSM^t;1^^#;;i(ivSttMtc: 

if ^ ^ u romo^im^mzmm l . ^co±i- 

coratcii. ^t'co^. mzmc^mt:i^^t^i>zt^ 
^x^^fz^. mmiiSitmi,zmLxmi<opmm.im^ 

ffijtcovSttartTS^ pmmim^i^mmi^zim:^^^ 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



(?L3) )02~223042 (P2002-223042A) 



mtM^ JSttii^a^pfi!|(:OH$- I nGaN. Al 
[0 0 6 7] dvlT'. miOpM^-fb^^I^ftS^ait 

0. M^wrnkz^t. ^icnipmmtw^wmt^^^^miiZ 
W!bx-m\^m3SL^^^mrchhfz}!b^ m=Fmmmzis 

. m\iZj^'Fm\iZi&^ < ^ 5 ^•^^ ^ u rcoEBa^*«5ft 

[0 0 68] tflfoT. S^#c^ffiTS:fPi.-S»7ta6tc:. 
laS ( a) b;&>^||lc7)p^ 

^b^*#f*:a 2 8 C7)ggg| d B < i: ^ 1 0 0 Am: 

t-r^c:fcTS>0> »*L<iil 2 0Al^Ui^'r-S»c:^ 

=5r-tf^i^. #F®tlSl^0pMS-fl:1^^f*:;i^^O 

m^m^<^±^^\^±t^mTh o . i 5 o AtLLT-j) 

(^m^i)^^±^m[^t)m^ti. 4OOAJ:0:^#v^tL 

^\^^mm^imm<^MM^j:±m^mz ^mmzh^rz^sb. 

±iBSgSlO±ISi: LT(i. 400AJ31T. *f^L<(i:2 
OOAOT^T-^Clfc-Cft^. ^li7)pMM'ft 

iiZi6\^X. JSttMP^TfitpMSl 3ffllc^[*MS2c(c 

^#F«jtcOvgttStc:^v^T. J£ttJltr^LTmic7)p 
^'fLii*^«sii3&>'i&tt^ixi»%&(c. 08 ( a ) (c^ 
^ J: 3 t3g t p MefflJcoKM« 2 c (CS t 1 ^ P S 
mm^il^m 2 8:?!;^'i£(t ^^l-g. ^ # ^ . US ( b ) 



^•ri:3C:rSi>pMMl 3M^^Mg2 c ^^IOpM 
S-fbJf&^fta 2 8 i: cOStc#F«4 ^^r^^ t % iPh 
:i:C>pSSl 3{|i|c7)|^MS2chlSli7)pM^^bfe 
^*ji2 8 i:c7)H(c:#FS4 S::rr>l>^(wii. CicT) 

i^^mAifitf*x.^xpmMi3\iZ^^^w^ vmmf)^ 

^#Fii4T<7)^|?M^;&>'®- ii^t*. #FSi:LT® 

mBffli(c{ig^^#F® 1 a . 1 b^o^'\' y r^o^A 

3&^^»i:^^-^rT% Ji^L/s:J:^^C:coKSii2ci 
0 1 pS®fflJCc{a&r-l>#F/l4 S:^^ U T;5?>jKaL 
^Sfe-^tcS^L^v^fSrSj^&^^-^r^iiO. #F® 

}iLx<7>mmi:'^mz^oh(7^b^£h. zcorz^b^ ms 
( b ) (,z^^#^m4 tmi (^pmmim^mi^mt(/y 

i> pmrnmi^zm-rni-hm^^wm 1 c izmm^< . 

mmt^^. mzzKT^xo^mitm^xMi^pmmmco 
mt^^ii^wm^^Lx^^xh. jMLfzXo^^d 

pmmmcommmx 0 1 pmrnmi^zwrn^tifz^wm 
It. ^^mtLx-Hi-ifzmmL^^mi)-ox^<. 
#'Fm^^tx^^^\.'^m^izit^x^ m'f-m^^t^c^m 
"f-^tmitt^mmzhhfzisb^ n^L<itci(oxo 

55r#F«Sr^rS-r(:i. vSttilrtT'StpaafflSt^rieS? 
ix^ii^r. mmmt^^Zt. ^^rt)-^. 138 (b) J: 

ot08 (c) com&t-rhztxh^^ 
[0070] tfz. &i>pmmm(7)mmm2ctmico 

pmm^m^i^m2 stmsLxi&{ir£^ti:^^i,z 

±Mm^mt^icopmmitm^i^mtcomifzm- 
mm2c (Mhpmmm(7^mMm) imfxzcommm 

[0071] :^mM(om 1 (^pmrnitm^mzit. m 

jff^ L<«il X 1 01 8/cm3j.:JLb 

it. 1X1 01 8/cm3 tLb. n^L<ltlxiO 
1 9/cm3 J.XhK-Tt'^ClhTj)-^). pm^m^M 
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m. mtisytytf^ }^m^t*if^i^(oy{^wmi&mzx^ i^- 

y^hzti>T^^. ^^f^z^ micopmmim^ma^ 

m:ftmimi,zpm^mm}^-y'mifi^^L. mi<7)p 

m^im^i^mitz:^mm.Witf^^j:\^^2: d^m^i^zis^^ 

Ts yyv-ytLxi>. ±^LfzXoifZ^-c'VTtim 

[0072] \>}±jiiznLx. ^wmv-'fm=i-\iZ^\^ 
X. mi(opmmim^i^mi^zmLxpm^:^-( 

^mf^m^i^z. pm^nm^micopmrnitm^^mi^ 

z,ti\t. 0^ Ym^<^pmpf^m^\t. ^conmi^z^ 

^^x^'^^^nt^^hfzisb. mw&^m^Lo^mmn 
x\ x%hfsifmmx^w^i^^hzti}K m^t 

Lxm'fWSt<7^}^±JiZ^i^i3i^1lf^L\^:Lt\,zXh. L 

pm.^:^>{ vmc^^^^^zprn^wk^}^ 
mmmx\ ^mmv-y^mmrthztufim^^mz 
-mznmmymimypmm<7)mizmm^tLfzm 
GaN^hWc^. ^(Dmi^zm<mco^Mi,z^\^x I n 
0-9 0 ox:mmcoimTm^^iti>ijmi^i-'fmizm 

tttc^L<^:^. ±fz. pm^mmtLx. —wcmifzu 
sifim^'^^ti^t^K immv-y^&commtmmxh^ 
zthho. &M:mi^zmmiS:mmmmx^mm^ n-r 

[0073] «!oT, mi(Opmmim^t^mi:i.. ^ 

}^m^copm^mmmki:^mzxtix. micop 
^im^a^mco^^mfrzMm^x^nmi ¥-y^ 
h:itx\ ^mmmkmttxcomi^nocitibK » 
^tv\ ^(^ui. i^Lfz^mtmmi^z^^^x . mi 
coprnmim^i^mt^zm-ttmrnm (mMmicomm 
m. kmsbl . micopmmmm) i,z^ pmpmmi 
}^-r^^m^i.z{,mmi^z. ^nm^tmi^'thmtLx 

[0074] *%BJcO V-if ^-^Tii. mmitz^^x 

d(.z^ V -Jirmffzik. v-y>^mmi^zms<mt^j:^i& 



2<7yumm(^ttnt Lxi±s i o 2i:McomA. lift l 

BN, s i cim\^^i>iittmifzntL\,^. Mtc. ms^ 
i±m<7)mmm. mmm(^zi6\^xi±nm. (^m^m^ 

y^^tlzi:OU -/i^imHrTifZ^ B. A 1 ^rifco-f :t 

\^^htl^m^tWm»t UTti. I A 1 1 - y Ga 
i_^_yN(0^x^l. O^y^l. x+y-1) 

L^vT i 0 (^z^sr V rms^t Lxmmt^ t> <^xf> o . 

3^ittS:iSJt«»%^(c:t>. micopmmitm^mi^mi:^ 

y^y}^mtLxmmx^^. mi,z^ zcomi<^pmm^t 
m^a^mii. miimmzmrf'irmtTi^hfzMz. is 

umiK^miz. ^^yv:ty'^-/h^tt:it. 

X. m^(r>mizm{iLmmimfi>:itxh^ii)K sch 
mmcou-^m'f'tfZ:i5\.yxit. /f^ }^mj:^i>i^^^^^ 

p mmim^i^m ^ vsttinutciaa l . » ^ u < . 

its . ^<y h'^^ y rx:^;i.3f-co:^^ 

mi(^pmmim^i^m^mii:^^>yvmtL. ^tc 

XO^^y}^^^-/ :rx ^x;^3f-co/jN§ v ^ag 2 ^ ^ »y Hii 

t^ri.^ i^MMmLtzXoifZ. mK^pm^itm^Hi 
m^mt^z. ±Msmi<^)mmm (fttpfH^BSJi) 

TMS:i6^ ffl dmi<^p mmitm^i^mifZ x 0 sit® 

v^r. mi copmm^m^^i^mi.zm^:B&m^-^iSit 
mt^i>zt:/)^x^^. ^^t^h. mi>pmcommmtf^ 
mcommmtm^^mmi^hm^itzfs^^x. ±ml 
fzXoiz^ ^ ^ y rms^com icop mm.im^mi^m 

zayxo^z. mi<7^pmmim^wmiiZii^^his. 
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micopmM-im^i^mtcomz. mtims (b) 

emmmtml(^pmmim^^f^^mb<r>lsll,z^ ztif, 

mi,zmtixfcmmmt^<r)mmti'^^ < m^t zta^ 

[0 0 7 51 'J -yi-'ilifcLTfi;, IwmtUiS/^ 

mOT, SfiL<til. 5jumJiJLh2/xmJ3lTi:-rS<I 

ffiSrS{R:R{3 J: 0 mubih/^fz B Hit Jt. ^ L < {± 'J y i'' 

i^^^iizx K> mjtb&tsmmx-h o t t ^ < . ^asfcsg 

[0076] <ll4iO«(eg®>]iLh(c:ittHflt/sM<t;*Sa 
^frS^^tCfeV^T. ll4<?5SISfi3BS-e»i. S^#F<i 

igaitx*»\ 0<xSO. 0 5T•^>&^i:^:#^t-r 
tT. ±.U9^'y vm. Tuc^ ^ -y vrnx-m^ixh^m 

A 1 iiaitSrTtf S C: hT\ :5' 7 -y HatCt3(t«.S*f* 

^^t^o. 5— 1 oomw<:oai:'j-c-ai^i^jg^figt:\ 3t 

4.6,7 tZTjk-ti 0 iz, mti±.m. TgP:? 7 •/ b'Wi: 

[0077] ^ vgttStCJS^-iT. #FS*>'4 0 Alii 
±<7)mm^X\ )K*^0ltRt*U/3feUi.liaTc0liffltI 



^mx'h^i}^. m^. #wmx*)i>+^t,zm\'Mmmi: 
iSfta z t x\ ^pmx'<m±nm'k(n>mmi^^i>m 
Tiktfim\.^tyixx^ti. L*>L, friajSttSX'ti. #fs 

Sr4 0Aiy,±tJ9<LT. MC. #FJll^itKLTKM 
05BKIitS-&e5«tS*^liL. #FJiiafc:Sft<?.ix*KES 

mim<^j:i>zhx\ ^FJl^c^^'<^^<, ^^'j 

r *^#Fii cciiA § ft & *^ #Fil*«Jlv ■> t T\ 5^ 

So 

[0078] CCO^. #F^<0M11*«4 0 AtLhT. # 
FSi:WM«C9KJltfOJtRt (Rt= [#FH«0ffiJ5] / 

[ mmmcr>mM. ] ) *n / 3 mi i m'(^^mx'h i. 

^m=Hi^%^tii>. ZtV,i. #FB<^))KJSS: 4 0 AULh 

*L<(i. ^■Fm<r>mm^3 0KmLfthzhx\ $ 

:^-?>'Xr-M.m\^^mif^^X'hh. feLht-fcV^T, 
KM®<OKJl«i. 4 0AKLhi:-rS<Ii:-e. mi3t.z^ 

•txo^z, m=Fm^i,zm.ixtzu~^mTm^ hK^tz 

[0079] <m5<7)m^m : ^wm<m>in±.. m 

m Ltim 1 ~4 cDmmmmiz}5\^x . attS4'i^#Fii 

<0&S:lU±3i^JlTi:-ri.C:i:, :*:^lct3(t&«^ 

•S, iS^^cr,#Wmcomt LX . 4~ 

6S^cOt><?3SrfflV^-CV'>Jt*^ #FJi«St;!^'^<-r«. 

m. mmmmL^-iiib^t'£jm<,z'^^±^(7)imt>^ 

^icLDcoxoizi^m. iiim^m&xwm^iti>m'f- 
«o«^w±, miz^(omfiiim^iz^?,, mt^. ld 

co^X'ii. ^S»^#F^^T. #Fai!t5r^-fb§-ti: 
S i: . #FJicoSc*»'^i4 c: 1 1', U S V ^fimsSjin^Jti^S 
mmzS> 0 , #FBcO»* 6*»<5> 4 1 ^rSISIfcl^Stl;^ 
iJ'-L. igtC4*>^>3iO^T'^/S%*H=:^-L, -etT* 
F®cOl@:**2^t<{i3<Oi:C:'!.-C8i/h<lS:i:0> 1<0 

-r^ri?^. m-a^#Ffltjfc«2. 3<o*^i 
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[ 0 0 8 0 ] c: ^ x\ #Eicov^TiaTtc^B^-r^ o m 

11^ 1 3 i:'C»5^a^ixi>1iiSS:^-rt><0T-S> 

ax#Fiii as-— Lxm^MLmm^ti. &mz 
mmm2ci)m(tir^tifzmmi^Lx^^h. ms^^. m 
2i,zittxm^i>mt. ±^.TSi^^^y}^m3o, 2 

5 tiSitm 12b (^^(c_b§P. TSPtK^'^ HS 2 9 , 2 

^ L < iivSttS^fflcOSSISat 2 0 h . -f-^OSStS^ 2 

0 t;: . ^fiCc^J^; Lfcx >- K r 2 
lS:*^i>orS>^o 04, 6{ivStt®^»^#F«jt 

2T'*D> ia5«i3t;<r>f KSSr-^S-rs 04, 7. 8l± 

pmmi3i)mm^tifzmmx\ pmMi3p^(Dmico 
pmMim^t^m2stmim. &hpmmmi^zmm 

^tifzmmm2 c . R(/^<7:>mmm2c x^i, nmm(>z 

{i. DVD. CD^:^'C03tT^^Xi5^>-XT-^C07t»C3a 

tn^^^. flfrwtdii. m^#wmm<Dmwai,zm^ 
X. micommm (Mi^pmcommm) m2(r)mM 
mtir^i-ti^^i^z. m2(ommmt#^mt(ommit 

Sr. 0. 5^Rt ^3(7>^mt^^ZtX$y^. Z. 

(Ty^micommm iMhpmcommm) tm2<DmMm 
It. ±^tmmt^mxh^. mi^z^ zcommitiza 
v^T. m2commmi±. MQwi,zi5\.^xit^'Fmizmt 

mxs>^. iMLfzx^iz. &i>pm<7)mmmtm<7>m 

RiNi^zmw^hmmmii. m^hpmc^mmm (m 

1 coKs/i) m\'<^mmmtf^m^xs> o . ^tiMQwt^ 

±Emmz±^<m^^mi^hcot^^. mmitRt 

tifzu-^mi't^^. 0. 5^mx$>^t. mmmco 
mmt<^wmi.zit Lx:k^<^K>^t\ mzjm^^^^ 
mitrhm\^ifZh^. ^fz3^mt^t. j^tcRiNtc 
mmw^Rii'L. nm^m^TifZi5\^xm'^co±^Kc^ 

^t^i>m\^i,Zh4>. fftL<it. 0. 8^Rt^2i: 



i-^ztx. ±m^mzmifzu-^m'¥-t^j:^. ^ 

^ ^1 OOA*^ifF*Lv\ ^r-ff5:/^>. 01 2*>A>*)}&>-& 

ctdt^. JifB«-IISfe^®(c:fcv^T. #Fii35^WM(3^:-S, 

ffi®;^ 10 0 AS-iSi. & t . JEeS#tt. R I N(r>mt^^ 
t^^hm^^iZhh. tfz. if*L<(i:. 6 0A^d^^ 

xh h ^^itimxcmm^z^ v . ^'Fm<^mMi)^±^ 
< t^^imm.ti^&Ti'hmt^ifZh^i)^. e o AtLb 

^{STFtmi^ti. so A^m^^mmxii^fd^f)^^is. 
Tt^^mmzhhfzibxhi^. ttz. {m2<o 
t^mm) commd^ tLxii. mi3commtm'Fm^ 

^cou-^mi'tx^^. ac^mmmjti. igii-s 
(ommBmtm;^'^i:>itxmm^^tntL\*\ tr^. 

^<ti> isa&^commmxh x . ±iag p mrm 
ssdii^KMa) 2 ci\:^m<rmmA<^\^^mzm 

mthZ}:LXh'0 . «f^L<ii±^L/L-J:a(c. #Fii 
tcSEiix:?t:KMJi 2 b tcMffl-f -!> ^ ^ T'fc 0 . Mt-ff i 
L<i±. JilE«t>p(l!|coP*SS*^<. ^TC0KMS(3 

[0081 ] 

\mm\ [IIS6M1 ] OT. mm}i lt. 08 

[0 082] wdT. GaN^SrfflV^ 

x\^htK w^}L\^xmm^whWj:hmmw^^ 

:^^}V (MgAl 2 O4 COid^ffi^SK. S i C (6 
H. 4H. 3CS:irO) . ZnS. ZnO. GaAs. 

s i . mfmAm^W}iwm'^^hmmwm. 

X%h. *f*Lv^Ma^fcUTti. 't:7r>fr. xbr 

i^-s>:®^tca. mmmuAL\fzm=^imBm^i<nTmMt 
*Sjtsr»« t T ct < . ^ . m^mmmmk^z^ 

[0 083] ^^Srfflv^^J^'^tzfi. yN'v:7rii 
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i^zmifhTmm i&M^) tLx. -e^omtc. elog(e 

Pitaxially Laterally Overgrowth) it fc^it^^ 

ztx\ mmyT\^^<D&mzMx.x . m^i^^co^m^ 
^six&wfctcio. -^x^miAifZhm^m^a^tf^^ 
M:Lxm^^tLtim^b*t^h^. "tco^commxii. m 
mm&^i^z&^^'^timim^^mizmnmirmf. 
^(omn^mmi)^^m:fji^^(^&m^^$tix. «m§ 

[0 0 84] {mmioD mmt Lx . immmi^z 

(loojum) x^Mi^-^fzm. mmm^irm^Lx. 
sou m<7)G 3iNt^i^^hmim^wmm?:m^^6. 

OVPKm.^^mz^-/VL. a^$r5 0 0'CtcU 
T. bU-X^y^jifU'^A (TMG) . rv-^-r (NH 
3 ) 5:fflV%. GaNct O^I>>'^'^y>'Ta^2 0 0Ac7))K 

aNSrl. 5um<r>mmX&^^-^X.Tmmt^h. 

mz. Tmmmmiizx h ^ >f r^o-e;^ 9 ^mmm l 

xi^to a^m^mi^^^^x . m^S^cOimiH^-ytzWi 

^ (ELOG) kzx^ms^^fifzmm^wm^ . $ 
hi^zmmx^^^'^x. Mss^. ^"^-/yrm. Tvm 

[0085] {j<^-yyrmio2) m^vc^s^mwmm. 
(r>±xz^ j^^/yrm^mk. 105 o*acLT. 

TMG ( h>J^f^/l';<fU^A) . TMA ( M;;^f-yl/r 

. r>^::irS:fflv^. A 1 o . o 5 Ga 
o. 9 5 NckO^r^^'N'^yr^Till 0 2S:4jum<;0]^i?T' 

GeLnt^h^j:hmim^m'WmLt^^x\ j^ vy 
rmt Lxmmth. mz. mm^mm^^^j:hT 

mn^^^m^\^<\t^ixim^^xm&\^fzmwfi 

G ^inxhh^kz^ ^fiii 0 i>mm&%Wi<7>A^^ 

YL^^g^^ftOA 1 , Gai _ a N (0<a^l ) t^h^j: 

hJ^ vyTmi0 2i:m^^hZtX\ tr^y hSriSMS-ti: 

;RiiT'S>'l>GaNC0±tC^(t-l.o Mtc:>'N'^y :7 r if 1 0 2 



^OA ligfHJta:^^ 0<a<0. 3T'fc-2> ^ . Sfott^ 
^iff^rtcJOi: LX^^ y y rmtim^^hZt iJ^X% ^ . 
Z<7)^<^yyrm^nm^yi^^ hmt LXm&LXhB: 
<. ^<-/yrmi0 2^m^Lfzik. miy^-yyrm<^ 

m^xm^tii>nm^y:$^iphmim&Lx^ ^<yy 

rill 0 2t^co±cOnm^y^^hmi 0 4^t>A*y 

yr^mirmz-^^mmxijJ^W ^^h-h. Z(7)J< y 

yrmio2i±. m:^\^mM:i:m^^fzm{m^tm 
mL<^t^<7>±^zmsiLtim:ff[^&^mtm^mm 

U) . mL<u^<o±('zm&Lfcm:f7i^&^m 

(fZ^ 'J^-^j:<tijima±3&itf^ZbX\ t^^yhSrffiS 
m'=m^i:\^±^ithZti^X^h. ZcOJ^yyr 

cOtX^ttiib^ J<^yyTmi:m'r^Zti^1i!-t.L\^'^. 

[0086] (nMr?>'r$^^ h/il 03) »:cc:#/^^^/i 
^^-/yr mi 0 2±(fZTMG^ TMA. T^^^^T. ^ 
teJH!l;<fXi: tTi^^V'^yxSrfflVK 10 5 0X:T'S i K 
-TLtzAlo^ osGao. 9 5 NJ:0^i>nS3>' 
^^^Bl 0 3$:4/im^0)^r^;gSita. 

[0087] {i^'y^y^m±mi 04) <RtC. TM 
G. TMI (hV;<^fU^ yJ^M.) . ry^::^T$:ffl 
i^SrSO O^acLt: I no . oe^ao. 94 N 

m.M:Z-t^. ^*3. z<7^::^^yi^mstmii'^m^mxh 

(nM^^y HSl 0 5) iJCtC. iSS^ 1 0 5 0 
^CtcLT. JK^Xf-:^(CTMA. TMGSl/r V^— 
iav\ r>'H-rcOAlo. osGao. 9 5NJ:0^ 
^ASS:2 5A<^JWC^:R§ii:. MV^T. TMASrjh 
ib^^imi:ff:^tLXi^^y/fX^m\i\ SiS-5xi 

0 1 8/cm3 \^-yLfzGaN^^^tBm^25A 

(^mmx^^^'t^. ^Lx. z<7ymi^^^ti^tL2o 
oism^^MLXAmtBmcommL. mmmiMm(7>^ 
mm immf-mm) x o^Sr^nM^^vKJii oe^^ 

tLxit. 0. o5m±o. 3VXf<^mmxi>tiii. -t 
x%h. 

[0088] (nmtis^vmio^) mz^nwn 
ym.x\ wmfjy^\iZTUGmfry^:z,r^Wi^^^ 

H-r^GaNJ;0^^nM7e;<f-f F/il 0 6$r0. 1 
LXi>2:\^K 

[0089] (?S14ei07) iSJ^SrSOO'C 

TMG&tXT>'^^T?rfflV^. ^m^:^y.t LXi^^y 
/fy^^m^^^. S i $r5X 1 0 1 8/cm3 H-rL/::! 
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no. osGao. 9 5 N J: 0=5:'g>l*MS ( B ) $r 1 4 
0A<7)mmX\ i^'7y:^Xi±jSb^ rvK-rcOI no 

. iGao. 9 Ni0^i:&#F® (W) S:2 5AcoMi? 

T\ ^coKMa (B) . #Fii (W) Sr. (B)/ 

(W) / ( B) / (W) coi:Ht;:a®t'-S> o Sf^*c:«±a 

no. osGao. 9 5 1 4 0 AcO)^m:g^-fr 
1 0 7(i. ®KJi:ft4 7 0 A<?5#fi»^#F 
S^t (MQW) 

[0 0 903 {prnmi-m^^mios imi<^v>mM 

MgS: 1 X 1 0 1 9/cm3 TL/::A 1 0 . 3 
Gao. 7 NiO^^pMm^lHagl 0 85:1 OOA 

xi>0:\.^ip. mfhztx^'f^mjLfsbtLxmmL. m 

mf^mji^m i o st^^pm^imcoMsijK ^nizm 
m^i>M±sicr>mmm(fzmiLLx. &±.^cr>mmmi^zM 

[009 1] (pM^e^W HSl 09) mz^^Bli 
10 5 O'CtcLT. JE^;<fX(CTMG&tKr>'^~TS: 

fflv^. ryv-TcoGa.NX^^hpmyt:^'^ }^mio 
[0 0 9 2] ^rcTDpMTe;^?^ vmi 0 9it. TvK-r 

i:LT^:^$^i:^;!?>\ p 1 0 8 . pM^ 

^ 1 0 9m(oismmf}^i^<^Ms<r>msi(>zx o . m 

g?fUg:6-'5x 1 0 1 e/cmSh^OpM^^-r. 

[00933 (pM^^»y Kill 1 0) iSV^"C. 10 

5 0^CTr>'H-rA 1 0 . 0 5 Gao. gsNiO^: 
-g>ilS:2 5Ac^MiPX'^:^§ii-. igJl^TTM A^ih^?. 
CP2MgS:fflV^T. MgK-rGaNj:0^:€>«S2 

5Acommx&^^^. ^ti^9ommDMLxmmm 

0. 4 5//mCO^f&^iiJ;0^^pS:^^'/ Hill 1 0 

S:^«S-ti--g». pm^^-/ vmii^if-^K 1 1>— ^r*>'A 1 

MLf^im^^ ^mmi^^i-^^t^^comi^z^^K H-rt 
X. ^^h^^^m}^-y^'<rd t^^^^^B:<^^m[^ 

YMi 1 oii. A 1 i^tsmm^wm. if^L-<« 

Alx Ga^ _x N (0<x<l) ^^t^im=?-m^b 

'th:ittmiLl.<. ^^t;rif^L<«iGaNhA 1 G 

sLntimmi.tzmwf'mm.t^h. pffli^^^yKsi 

10S:@tS^1ijtt'r^C:i:tc:J:-:>T. i^^^yFS:^«c 
<DA\WL^uiti:±.Wh^ti:^X^hcoX\ ^"y^/Vm^ 



^-;6-':*:#<^:-&cOT\ i3^1S:<£T$*^±T^^Stc^ 

[0 0 94] (pMr7V:J^:5^h® 1 1 1 ) gfitr. 1 

0 5 0rT\ pM^^'/HSl 1 OCO±t-^ Mg^rlX 

1 02 0 /cm3 rL/;:pSGaNJ;05:'g>pM=i 
VrJ^^hSl 1 iSrl 5 0AcO|gjp-C^^$ii:l». pS 
ay-^^Vmi 1 KipS^OI nx A 1 Y Ga 

1 _x - Y N (O^X. O^Y. X + Y^l ) 

fi\i. pmMi2 0}imi^n^L\^^-^'v9mmm 
i^fih. ayi$^^hmii iimm?:m&'t^mx't>^ 

cr>X\ 1X101 7 /c m3 J2JLb<7)S=*^ V Tm&t^ 
^Zt-^mtLW 1 X 1 01 7 /cm3 j: Oi^ffii^i: 

7 0 0-C-Cr::::-U>'^&m\ P^SrlStzffififii^t; 

[009 53 mLcoxoi^zLxmim^i^igiM^'t 

±acOpMn>':^^ hii<:7)^®(CS i O2 i D^€>«^ 

i^^^^^LT. RiE {mjm^^i^yx^^y^y'/) 

v^S i C 1 4 ;^rx(ci: Ox.y^>^^L. S i iiZ^-Ti: 0 
ic. nm@5:?Ki^^^#nS=7y^^hiil 0 3CO^® 

$:^ffi^-ti--g>o :icoxo^zmm^^^m<:i^-/^y 
y-i-h\,z{t%ms^t LTs i 02 t^wmx^hh. 
[0096] mz±^ Lfz^ h ^ >f y^^com^^mmt 
Lx. u-/>^:^h^'^Timm'^o ^-r. mimcop 
mzjiy^^ hm (±Si^yi^^ hm) (oim^mitz^ p 

VD^StdctO. S iM^m i^tLX. S i02 ) i 
D^^mi^SSMl 6 15:0. 5 um<7)jj^mxmm.L 

fzm. micommmi 6i<r>±i,zm&crm^(o^:^i^i: 

•f)Hf. RIE (^JE1t^:t>'Xv^>'^) 
CF4;<fxS:ffll^. y^hVV^^y ^-j&Ws(fZ^^>^ 
hy^ymi. 6jumcoSglcO»gKl 6 1 fc-^-So w 

pMny^;;' bHl 1 1 . i^il/fpM^^^y HSl 0 
9. pmt^-^ H® 1 1 0t7)-^5:Xyf-^^i?^tT. p 

[0097] V -/i^:^hy^Tmmk. 

mmi 6i<7^±i)-c^. zrmm {^ttxzro^ ) 
x^^hm2coummi6 2^. micT^mmmi e ico 

±t. X'/f->-^i^J:OlltB^*i.3tP^3^y/>r Fill 0 
[0098] m2(7^9^mS^l e 2m&^. ^xy\S:60 
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mi^<^i^mi^mKiT ( 1 2 o or ) ^(c 
ct 0 . ® 2 co^mm^^m 1 ( >^ y 

[0 0 9 9] mz^ ^xyNS::7^yKtc?SiSL. 

1 0 9<7^mitim) izm2(ofmm 1 6 2;6^m 

[0 10 0] Zc^)Xo(,z. r>may9^ bill l 2co± 

<r>^m\iZn i/AuJ;»9^^pS«il 2 0$-^^f •l>o 
flLpffiffil 2 0(i:l 0 0jumc7)Xh^-friIg^ Lt. 
laitc^-Tctatc. m2<:o«ilMl 6 2co±t;:jg-:>Tjfg 

m^y^^vmi 0 3c7)^®cc(iTi/A 1 x^tchy^ 

[0101] mz. nm&^m^^hfzi^{zx.^v^yy 

^3t*^H^Sc7)^i^tC^;^^ SiOs hTi02 i:0 
^^i^m*^SMl 64^i§(t:^cf^. P. nm_ht;:N 
i-Ti-Au ( 1 OOOA-1 000 A-800 0 
A) i^^^JXOUiL (^'N-^y b) «S1 2 2, 1 23^ 

^fi^timiffz. ::coB$. vSttB 1 0 7coiig{i. 2 0 0 

ixmcom {^^^\^iizmmA:fi^<7^m) xh^.^ 

S® (^IhfMM) (ciiS i O2 ^Ti O2 J:0^'g>ilim 
[0 1 0 2] JJLb^OcfcdtcUT. nm^hv>nMt^m 

^i.fzm. ::^h^^'T^(r>mmzmm:^\^x\ mm 

^*COMM (GaNcOMM. (1 1- 0 0) ^if) T^n' 

coxh 0 . JML fzm 1.2.4.5 commmi^zmm 

^^ijCOX$y^. ^^-mz^^mi^z. x.y^y^SMtc 

mttifzmmmm^xmmLx . n^tirzmmmii^ 
mmt Lxi>S:<. m^mm(o!^\^xmm lt x ^y ^ 

ffi. ffi^r$:^^i:L>^cl^^(?)itffiSMS:mLTt,^ 
v^, ^z::. ±iBxv^:^:/^McoitSM(c:«i^ftc^« 



LXl±. S i O2 . T i O2 . Zr02 . ZnO. A 1 

2 O3 . MgO. >f ^ K**^^:-&Sf^ii'^=5:< 

mm^-^^CltXh^. A/4n (A(iiS:^. niiW^^O 

(Dmmx^m ttz^mmt lt < . i sj^i 
itfflv^Tts<. Rmmkmmzimsimm<7>miiii:m 
<rmm^mmtLxi:>mm^'±xi>B:\^\ mmummt 
Lxmm'^'±^itzi±. ^y2ncommxm&Lxi>S: 

tfz. *TJDXXST\ x*yf-:^i/ffl®^J^S;-Br-r 

IZ^ ^Kchi^. nmMm^m ( nM::7>'^^ hM) fzitf 
i:LTt>Sv\ >'^'-4«<^)^xy^S•5g(::4^»J■r-^^tct>. 

^ . ^<-mzmm Ltz t ^ (r>mwm\izmm/^mm^m 

fis (GaN) S-7v*rS*T'jS<RL>tMH. AB ( {10 

ion xmmLx. ^vrsrixoa5LTts<. * 

[0 1 0 3 ] ^?at::iBV^TL#V^ffl2. 8kA/c 
m2. 5 — 3 0mWc7)ai:fttCi3V^T^^&;S4 0 5nm 

^COm^^^ii. im,m 1 tCJt^T . 6 0 *C . 5 mWcT) 
jlSI^StC^^V^T. 2-3fg(CfflS-r-g»2 0 0 0-'3 0 

oo^Si;os^»^3&^'#i^>^i-So msm^smt 
{zi6\^x{t. immiiiZit^x. mj^mmz-:^\^xm 

^^Lfzt^^. ^<<JOl/~-ifS^*^«Sti^. mz 
mBESr±tfT 1 0 0 VT«lEt3i3V^T ffi^^ii^rV^ 

[0104] imm^\2'^mm\\iZi5\i^x.wm^ 
m:thmmm {m.mznmi.fzmmm. st>p»c{as 
X. mm-^mt. mmizLxv-^m^^n^. 

m^zi:y)^«nm&i)<Y-y^fitii:i<7>t^j:h. tfz. 

[0105] imBm3immmi(fzn\^^x. ^wmco 

mmm i izit^x . m^m^^^i< < l . 5 o ^ . 
somMvco^n'xmm^m^'tfztz:^. 1000—2 

[0106] miz^ isiatc. sisfe^ij 1 cc^jt^WFii^o 
6 0. 80. 90Atm'^'tztx\ m^m^ 

izmirzm^m^i:^^^i><7)x$>^. ^tz. vf. l 
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h. ^fz. ico^, #wm(^mmi 5 0 AKLLft h 
b. tuijao mWe«5ISI*>' "rtg-CS) O . l O O m WCO 

[0107] [iisfefiij4 ] mmm i tctsv^x, a^wK 
mm (m±.mzm.mt:hmmm) sr 1 5 o A«oKJifc l 

(^pmmitwmtm (pM«^Hjitoii) u^t&mx 

[0 108] immi5immmii,zis\,^x.-^m 
^wmcom^zmmL. mmzmm 1 4 o Acommmt:m 

m-i-&, Zcom. #Fa«OMJfS:. 22. 5A, 4 5 
A. 9 OA. 1 3 OAt^^tS-^. 5 ox:. 3 0mW<0 

^T'5i^Ji$-ti:7tB#<0^^»^Srlll 2(c5^t- . H 

a^^m^ii^^^xoitz^ #Fm<r)mm<ommzn-r>x . m 

wCOB$, #FJ1<^K1?4 5 A. 9 OA. IBOAT 
fi. Sli&«^3 1 |Sl«tc:. 3 0 mWjJLhiOSJiJ:^3CO%S** 
«imTib*). 90A. 1 3 O AcO*&fc:{4. 80~10 

0 mWX-<r>\iitlt^-^m^l-—fm=!Fm^(>tl& . 

[0109] Lmmme ] mmm i c*iv^-c . js-aji 

#F®£0)1JI4 5AT-. KMSX#FS/KSJ1/ 

#F^iOflSlcSS L, gf^tcHJ? 1 4 0 AiOPfS^&« 

KSS:. 22. 5A. 45A. 90A. ISSAb^it 

$-ti-, 5 0°C, 3 OmWiO^ff^T'jI^^JgS-li-JtBtcT)^ 

(^mmt/^mttt?) b, 5 0 xnm^hmmima^-^x 

(>tL?>, fifoT. KMSfctT. ij'-^< tt4 0AmJi 

[0110] Lmmm7}mmmii>zi5\i^x, ^^•yV' 



m<r>^mmiz}nfh m g a n so a i iiajt^- o . i 

fl)R<fOAlGaNfcr*j{t&AiaSJtS:0. 1 Sfc-^ 

h b . i<7)B#^' 9 -y h'^iOA 1 <7)T%tlfBJt*^'$>;0 . 7 
St^O. A 1 <0¥^iiSJt»5P'0 . 0 5T'ab6J&&tCJt 

^T. m^tftizm^M^Ti^mmK-rhzbiii'vm^ti 

0. 0 SOT. »*t<«0. 0 2 5;gL<{±0. 

0 3J3lTt-rSC:i:T. «^l=aBll%S«0^rv^U— 

[0111] immm8:\m&mii,zii\,^x. m±M<r> 
mmm (&h pmmmizsm^titimmm) s-i 5oa 

er)mmx'^^$'±:^mii. mmmi bmmi,zLxu-^ 

fi±SP<OKSSSr 1 0 OA(r>mmb LtcU—i-'mTX' 

ii. ^muzit'^-x. m^^ti'i^iz&T-ti>, 
[0 112] [?mm9immmiizti\,^x, pms,"^ 

mWsbm 10 8 ^riStt^V-if. vSttS 1 0 7 co±izmm 

pm±/f^ HJi 1 0 9 imfi>zb i:m^x . mm i 

<?>ixS. Clit«4. ii!«tJt=5rSSltfOpMS^ti«!i^«cS 

(pMm^BB32^Jil 08) i:-^t.^\,^ZbX\ Vii}< 

[0113] immm i o ] mmm i t=fcv>T. #Fa 
«o®cS:3«. mmm<omt:4mbLx. m4ic^-rxo 

T. u-^m^^nh. nhixi>\y-^mf-\i. mmm 

1 tcJt^T . vgttJi^#:«oiKff < ^irS V f *J 
±#t. *3t#F«a*«^v^ii:T-L#v^fflmSSt.ffi*> 

#F®4SiO?SeJli:-r'&t. #FJi*«2iS. BiBTJ) 

[0114] ci-c\ 04fc:tjv^T. m^crmmm (m 

2<0nfi!lKMil) 2ai:ftf^cJ5REaJl (l^lcOpfillKM 
m) 2dbiWmiA0AbL. »M»2b. 2c<0]K 
Jf^lOOAfcL;t«-& (gI5tC5rr?SttiS<0«5i) 

!^lC3g^#<0^ yrracOif/?>-3#*i«ii'-L. Slf^* 

[0115] [JtSS!^ 1 ] 1 i,Zt6^^X . vSliii* 

«OKtM®«:^-C. Si Y-Tb-thMi. H^tcL-CW- 
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wffi:^ T<7)jm^^mizi5 ^ . 1 0 0 0 m^comi^^ 

— rfi^. 1X1017. 1X1019. lxioi9/cm 
[0 1 1 6] #^ix^U~i^'^^(c:o\,^T. SIMS 

(z:»:>f:t>'«4^«f&) ^tlzx^^mLfzbci^. 

1 vn^ti^ u-^^i,zii:^x . ^comtti^is:^ < {£ 
T^^mmt^t^tih. Lf)^L^j:ti^^. 1114. 15 
Cc^-Tid^iiS i }^-rmi:^it^itfzm^i,z. MgH 

[0117] [iiMfi?ij 1 1 ] mmm i (c*5^^t. aiiii 

1 0 7 tcft;cT. m 1 0&^OTt^^B8^-&vStta4 0 

[0 118] (J£1±;i4 07) fi^SrSSO^acLT. 
J!If^;>yxCC:TM I . T MG &lf T^-^r-TSr^V^. 

Uri^^>'X?x^fflv^. Si 5:5 xio 
i8/cm3H-rL7^v:I no . oi<^ao. 9 9NJ:0 

=5:aiSlcoKgii4 0 U 1 0 0 A(7>mmvm^^'^ 

A^. r^^H-r^O I no. sGao. 7Nj;0^-g)#F 
)l4 0 2aS:5 0A<7))gffT'^:gSii:^. S^tC. I^lia 

JgT'TMA€:fflVv A 1 0 . 3 Gao . j^X^tph^ 

/omi^KM®4 0 1 a. #FS4 0 2a. SS2<:0BS 
ji«4 0 3a^0 3®^ijg$-. HI Otc:^-rJ:3twS^(C 
€•3 l[II^03MLT#H4O 1 402b. 403b 

inmL. mk\tzm±^(7mmMA0 4}ii.x. ryv 
-rcoino. oiGao. ^ g N^mw-i A 0 kxm 

^LT. «£J]iiS4 6 0Ac7)^M:^#F (MQW) 

mil^miosi)^C:>pm^-Wif^(r>Usti^&^Lx. ms 

7 0nmcO5t7!?<f#/biX. ^m:^ir.a»^OU-1fS^h 

5:^0 :l<d^. WFm(r>±.mzm.»hfihm2ammm 



<«iAl , Gai _ , N (0<z^l) xm^tlhrnt 

m^a^t ^h^t x\ #wmifzmm^mai)mm.^ 
tsJbti. m2<^mmmimir^\i^^ifZik^xmaiti 

0. 3tLht-r^C:i: f #FSOlHIfl;&-'SJf tc^^T -!> 
mmzf>^^ jff^Lvn C:m> m2cO»M««i. 
#Fiit::^LTM(t^^tLTl^^<Tl>. lel^'SrS&S^rtf 

*3t. #Fiitc«LT. Tmzm, 
S^-S>BMii«i. lll<:oWSii<7)J:3tc:. A l i^t^ 
\>Mmmt't6ZtX\ ^att^<#FS$:mT#lif 

[0 1 20] -9-:7r-fr (CB) J:05:-&^«3 0 1^ 

10 5 ox:tx±^^^. s^co^ u 

[0 121] U<-/yrm3 0 2) m^'^X. ^i:5 1 

— r^TMG ( hU;><^;^;<?*li^A) . tma ( hU-X 
f';Pr;l^$::i»>i.) fcSrfflW «3E3 0 l±(CGaNj; 
^^i>^^-yyrm3 0 2^^1 5 0AcO^-C^:^§-ti: 

[0122] (Tmmsos) ^^-/yTmso2i&^ 

TMGC0^^±i5bX . fflS^ 10 5 O'^C^Ti^? 

•tir-l). 1 0 SOrtc^oTt^o. |iIt<ig^sj;y>(.tc:TM 
G. r>'^— r;«r;^S:fflV\ TVH— rGaN*^^>2S:^ 
Tt6S3 0 3 5:1. 5 //mc7)]KJ5r'«:g$-ti'^o ClcOT 

fl&@3 0 3(i:. mim^ii^i:&&^'t^mmtLxm 

[0123] (nM3>'5':5^h;i3 04) ^V^Tl 05 

o'CT\ mt<mn^*:^i>zTMG^ r>'^^r;yx. 

*E?*l;«fXCCi^^>';!yxSrfflV\ SiS:4. 5xi0i8 
/cm3 K-rL7t:GaNJ:0^:^nMn>'^^hS3 
0 4S:2. 25MmC0mmX&^^'^^. 

[0 124] (nmmi^mmm3 0 5) mzi^^y/f 

XC0:i^^±i5b. 105 0"CT. TMG. rv^rir;^'x 
SrfflVV r>'h'-rGaN7j)^^^i»Til3 0 5aSr3 0 
0 0Ac0Ki?T'««§-frs m^i^xmWimifZX i^y>:ff:^ 
SratJntS i 5:4. 5 x 1 0 1 s /c m3 K-r LfcG 
a N;^;^^55:-g,*S/i3 0 5 b S: 3 0 OAa)mmx&M:^ 
mzm\'^Xi^yy:^*:^(0;^i:±ib. mWtmi^zxTy 

K-TG a N^^^^^±M3 0 5 c 5: 5 0 A£7)|ij5-c^ 
^^"t. 305a/305b/30 5c<7)3H;J?>^^^ 
]gKiP3 3 5 0 A<7)||1 3 0 5 S:««$-«:i> . 

[0125] (nfflg^2^ii]^3 06) |5I:^C7) 

Wi^X\ r>H-rGaNJ:0=S:^m2<7)M'(k:?&^#: 
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TM I . r ::^^^r^ffl k— r i n 

mmj:^^^ nmm 2 ^mis^m 3 o e s: 6 4 oAcomm 

[0126] («1t«307) GaNiO^I)^ 

mm^ 25 oAcommT^^^-^^ ^^v^Ta^Srsoo 

•C(c:LT> TMG. TMK T:^^— TSrfflV^T ^ 
rino. sGao. 7 Net 0^r-i)#F/iSr3OA(7)Jg 

ffT^:gSii'-i>. ^LxmmmB, x#-Fmymmms 
ymmm b ^ x^wm/mMm b ^ x^wmxmmm b 

^iKi* 1 9 3 0 Ac^)^M«^^#FI«atJ: Oir&JStt 
ii3 0 7S:^:g;^ii:^. Cl^O^. KMilBi . B2 
It. S i 2:1X1 01 7/cm3 K-rLT. MKlcom 

mmSi (i=3, 4. • • 7) (irvF-rt'^ 

[0 12 7] (pM^/iM^^^y Kji3 08) act::. 
JKl 0 5 0^CTTMG. TMA. TV-^— CP2M 

2: 1 X 1 02 0 /cm3 H-rt/ipMA 1 0 . 2 Ga 
0. 8 NJ:»)^-&^3c7)M'ftWJ^*a&4 0Ac0MJ? 
T^Tft^-lt. ggV^T:^]g$:8 0 0-Ct:iUT. TMG. T 
MI. ry^r^ir. CP2 Mg^ffll^MgSrlXl 0 
2 0 /cm3 K-rtT'^I no . osGao. 9 7 Ni 
0^'&m4c7)M<t1^^*;i$r 2 5A<r>mmx^^^'^ 

^4<:0S'ftiS!l^«c®c7)JliT'35jEtC5ji'^ g 
f^t::SS3<?DM'ft?^^ftS$-4 0 A<:oMi?T'^:gS^-li:;^vr 

8 gr 3 6 5 Ai7)IKi?T'K:SS'a:-& • 
[0128] (pSGaNn>-^:?^h«3 1 0 ) ^V^T 
10 5 0*CT\ TMG. Ti^^r—r. C P2 MgSrffl 
V^. MgSrl X 1 02 o/cm3 TL^tpMGaN 
iO^r-^pMrJ^^'^hSS 1 0 S: 7 0 0 A^7)^-c^ 

[0129] m.mm-Ttk. iajssrMia^TW . s ^^(c 

[0 13 0] r-^UV^f^. '>xyNSrKti5SS*^4>ffi 
OttL. g±Jitf0pS=i>'^:;^hji3 1 0i7>*B(cW^ 

v\ m9(iZ^'txoi,znm::3yi$^^hm4.(ommt:mai 



[0131] x>y^>'^f^. g±iitc:J)^pS=i:^^:?^ 
hmsi 0CDim:km(iZjSm2 O OAcoN i i:Au$-# 
t/3®tttOpmSi3 lit. ^(OpmMl l<D±lfZ7f(y 
X'f>^ffl^OAuJ:0^i)P>'^'^y Kl:S§SrO. 5^cmc7D 

mmxm^^h. -ij. :j^y^y^fizx^mta^'tfcn 

may^^ hJ13 0 4<^fiSiC{i:WtA 1 ^-^t^nW^ 
3 1 2$-^^LT. m^tl^^m^ 

ii. nmmi^zmi>jS:\^mmmB ^ ^(7)<x<^mMmB 

2 liZnm^mmi!3^\^-y^tLX\'^^ZtX\ nM®**^ 

co^-^vT:^K mwacom^K ipmmm) ^x\ ssjm 
mz^^^ix. ^xcommm^ryi^-ytLfzimm 

2f,zit'<X. 3te«^3&**>[tn±L. VfRX/V-:^m 

[0132] immm 1 3 ] mmm 1 2c7)vstt«^c:*5v^ 

gtpMc:{a[S^-&KS®B7CC. pM^tsE^tl^L 
TMg^rl XI 0i8/cm3F-7^^fiii(i^ ^igfi^Jl 

l^[«l«t^LT. ff^^n^^^^ 
mmmi ItdJtLT. aJiSBco»SiiB7t::pS^ 

[0 133] Limm2immmiiifZi5\^x.mwa 
mi±. mMmitmmifZLx^m'T'inh. 

^Bfe^^ti:. SIMM 1 tiilt^T . ^ffi^j;&>'<£<. ^rz 

m'T-mmz^^hmi^i^zhh. 
[0134] immm 1 4 ] s 1 1 irz^^m^^^ou 
-^mi'(^z-:>\^xwFmmr^ . 
[0135] {m^5oi) mmm 1 ifzm\^^fzmm^ 
mwmii 0 1 tmm<^mi5 0 1 im\f^h. 
[0136] m.im^^mi^mm5 0 1 o±t^. mtms 

h^^m2com5 3 2 i:^l,z^ix^'ti3m-:^-:>mm^ 

A/(4n) (fit. Aii7t<^ig 

Tiin-2 (A 1 N) . 2. 5 (GaN) X\ 
mi^^/i*?;5 0 0A. ll2cO«$^j4 0 0AcO^T''Jg^ 

nco^. mim^i^coKmmi^:^. mi. 2cr>m 

Sr. In3tAlyGai_x-yN(0^x^l. 0^ 
y^l. xH-y=l ) •C^^tl|>^>fl:%ifi^#:$-fflv^|> 

d t f)^'^ . m^m^^i^c^^mim i > 2com^. 
Au Gai.,N (o^x^i ) xm^tL^mm.(7ym^ 
^mim^mi^^^(^zmmLfz0^mm^m\^^^zt^< 
nt.L<. zcom. ^m^ima±. micomym2co 
m(oM{: 1 mxtMm.^^ • Mi^muim i (omxm 2 

<7)jlS:A 1 GaN/A 1 GaN. GaN/A 1 GaN. 
A 1 GaN/A 1 N. GaN/A 1 N^t'Xm^X^ 

Al ^ Gai.,N/A lyGai.yN(0<x. X 
<y<l ) T'J)-g»fcA 1 Ga.N^mmThhfzisbmmi§, 
«ScllSr/h$<X'g^^fBttS<jg«T#. GaN/^Al 
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y Gai-y N (0<y<l ) rft* i: G aNiilrri D» 

m (y-x) iiz^K^ht. mi<^mtm2comt(7> 

y-x^O. 3bV. Sf^L<ti:y-x^O. 5h'r^ 

mmmitmmkz. i^mmmbLx. Ai^Ga^.^^N 
[0 137] m^x. mmm2 (#f^55A) ^i^ia 

nMa>^>:'hjB5 3 3. ffi1tji5 34. p 
SrSSLT. R?g4^<^raPSP^W"r^ S i O2 

gH-rGaN^^:g$ii:T. ^2<r>i>m^yi$^ ^ hM 

pM3V^^h®5 3 5. 
IS2(^pMrjy:?'^5^hii5 3 7{i. V^-r*i*^:^3^i(tS 
mL3^ct>C0Tt>^V\ -e<7)||2iOpMn>'i5'i5^ hS5 
3 7e7)±t3. S i O2 /T i O2 3&-^>=5:-SfSm#:^iiM 

^?g^L^^538hL. mt^y'^-z^m^sec^m 

5 3 3;e>^Sai-r^ai;&*T'X*y^>':/LT. m^Vfzn 

m2<7ypmay9 hm5 3i co±j,z^ w3a^53S(d 
m^^mtspnM3 2o^^fi^fim^^h. :L<r)Xo 

immmi5^m:mmi\>z^^^x. TiBcovSttii. 

(Stt/i 107) SiS:5xi01 8/c m 3 H-r 
L>tIno. osGao. 9 5 N J; 0=S:-&KMii ( B ) 

no. isGao. 9 N i ( W) Sr 7 0 A 

<^)Jii?T\ C:c7)KMa (B) . #FB (W) Sr. (B) 
/ (W) / ( B ) / (W) CO«Ccae^>g>o SStwfiJi 

. r>'H-riOI no . osGao. 9 5 NS: 
15 0 AcoMJST^^Sil:^ . v^ttW 1 0 7^±. 
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